Volatilization of mercury has been observed from various biological media (tissue homogenates, infusion broth, plasma, urine) containing mercuric chloride. That micro-organisms were responsible was indicated by the finding that the rates of volatilization were highly variable, that a latent period often preceded volatilization, that toluene inhibited the process, and that the capacity to volatilize mercury could be transferred from one biological medium to another. Two species of bacteria when isolated and cultured from these homogenates were able to volatilize mercury. Two other bacteria, one of which was isolated from the local water supply, were also highly active. The volatile mercury was identified as mercury vapour. The importance of these findings in relation to the storage of urine samples prior to mercury analysis is discussed.
The determination of toxic compounds and their metabolites in biological materials is one of the methods frequently applied in both toxicological research and industrial hygiene practice. When aprompt determination is not possible, the samples must be stored, and great care is usually taken when organic substances are to be estimated. As inorganic compounds, especially heavy metals and their salts, are supposed to be resistant to biochemical and bacteriological attack, special care in storing specimens containing this is assumed to be unnecessary. Elkins (1959) states that, 'in the case of mercury addition of preservatives is not recommended since condition of the sample prior to digestion is immaterial, provided no sediment or precipitate adheres to the bottle, causing possible loss of mercury'. The results reported in the paper indicate that this advice must now be modified, at least in the case of inorganic mercury.
The present study resulted from a chance observation. Tissue homogenates containing added HgCl2 labelled with 203Hg isotope lost radioactivity more rapidly than could be accounted for by the normal radioactivity decay (half-life 45 days) of this isotope.
This report is concerned with a more detailed investigation into this phenomenon.
Methods
Tissue homogenates were prepared from decapitated male Wistar rats (300-350 g.) using the apparatus of Aldridge, Emery, and Street (1960) . The homogenate was centrifuged for 10 min. at 800 g, and the supernatant was decanted and diluted with sucrose EDTA solution (103 g. sucrose and 372 g. of ethylene diaminetetra-acetic acid, disodium salt (EDTA), per litre of solution) to a final homogenate concentration of 10% (wet weight to volume). Further dilutions were made in tris buffer to a final concentration of 1 % or 0-1 %. The tris buffer was prepared by dissolving 9-32 g. of KCl, 1-82 g. of tris (hydroxymethylamino) methane and 0-372 g. of EDTA in 800 ml. of distilled water; the pH was adjusted to 7-4 with HCl and the volume made up to 1 litre. Other biological media were freshly voided human urine, citrated human plasma obtained from the local blood bank, and an infusion broth normally used for bacteriological work, prepared and sterilized according to Mackie and McCartney (1953) . Dilutions of the broth, 1:10 and 1:100, were made with tris buffer. The urine was sterilized by Seitz filtration. Further details of the bacteriological techniques are given in the legend of Figure 3 .
Radioactive mercury (203Hg isotope) was obtained from the Radiochemical Centre, Amersham as an aqueous solution of mercuric chloride or acetate of specific activity, 100 mc./g. Hg. The isotope was diluted in tris buffer which was added to the biological medium under study in the ratio 1 ml. of buffer to 9 ml. of medium. The radioactivity in the medium always exceeded 2,000 counts per minute per ml. Sufficient carrier mercuric chloride was added to the tris buffer to give a final concentration in the mediuim in the desired range (10-4 to 10-7M HgC12). These experiments, in which the problem of mercury volatilization was first encountered, illustrate two important aspects of this phenomenon. First, loss of radioactivity was observed from the homogenate but not from the penicillamine dialysate. The loss from the homogenate was not greatly influenced by the mercury concentration over the range studied (5 x 10-6 to 10-4M HgCl2). Second, in aU instances loss of mercury only began to take place after a latent period of at least 16 hours. As later results will illustrate, the latent period changes with experimental conditions. Figure 1 illustrates the rate of loss of mercury from three samples of kidney homogenate. The three curves demonstrate the great variability in rates of loss of mercury under apparently identical experimental conditions. Furthermore, the curves have a characteristic shape, consisting of three phases: a latent period, a rapid fall, followed by a very slow decline.
The latent period, the requirement for the presence of tissue homogenate ( in the presence of ascorbic acid (2 x 1O-2m) and toluene (0-1 ml.) 61 % of the initial activity had volatilized. Micro-organisms were isolated from homogenates which were rapidly losing mercury, and after subculture they were tested for their ability to volatilize mercury from sterile infusion broth. In addition micro-organisms from laboratory stock cultures were also tested. (Table 4) . Selenium disulphide is used as a specific detector for mercury vapour (Jacobs, 1949) . Streptococcus faecalis. Conforms to the accepted criteria for this species.
*Activity was measured as follows: 1 ml. volumes of sterile infusion broth containing 10-5M HgCI2 were inoculated with one drop (approximately 0-01 ml.) of a 61 hour peptone water culture. Micro-organisms producing a volatilization in 48 hours greater than 30 % are labelled + +, less than 30% +, and no activity -. MR = methyl red test; VP = Voges-Proskauer reaction. The volatilization of mercury from human urine is illustrated in Figs. 2 and 3 which are included to demonstrate the importance of this phenomenon in industrial hygiene.
The volatilization from urine can be prevented or reduced by the addition of toluene. A comparison of the upper two curves of Fig. 3 indicates that toluene is capable of preventing completely a loss of mercury from urine subjected to chance contamination in the laboratory. However, a species of diplococcus ((C) Table 3) isolated from the local water supply was the most active species tested, and when urine samples were given a massive infection of this diplococcus, toluene did not prevent an early loss of mercury but very much reduced the overall loss (Fig. 3 , lower two curves).
Discussion
From a theoretical point of view these findings raise many questions on the mechanism whereby micro-organisms volatilize mercury. The capacity to convert ionic mercury to the volatile metallic form may be associated with specific properties of the micro-organism, such as its resistance to mercury, or the reducing power of some of the metabolites it produces. Other organisms may fail to grow in the presence of mercury or produce metabolites that inhibit the volatilization of mercury. For example, in the few species so far studied ( Table 3 ). O-0 Klebsiella aerogenes (code A, Table 3 ). * -0 diplococcus (code C, Table 3 ). x-x freshly voided non-sterile human urine.
freshly voided non-sterile human urine plus 0-1 ml.
toluene.
*-* 0 freshly voided non-sterile human urine plus diplococcus (code C, Table 3 ). O-0 freshly voided non-sterile human urine plus diplococcus + 0-1 ml. toluene.
infected by chance contamination in the laboratory (Fig. 1) .
Urine is the biological fluid most frequently taken for mercury analysis in the control of mercury exposure in industry. Figure 3 records mercury volatilization for a concentration of HgCl2 in urine of 10-5M, but similar results were obtained with concentrations of HgCl2 down to 10-7M, thus including the range observed (1 1 to 13.5 x 1O-6M) in the urine of workmen exposed to mercury (Elkins, 1959) . The danger of contamination is obvious, but hitherto no special precautions have been taken to sterilize urine samples collected for mercury analysis (Elkins, 1959) . Indeed volatilization of mercury from infected urine samples may be one of the causes of the wide variability in concentrations of mercury in urine samples from equally exposed workers (Neal et al., 1941) .
